Policymakers today are faced with decisions about how utilities in their region should provide electricity to their service territories. Each type of generating technology has geographic, technological, economic, and political advantages and limitations. To help address the need for quantitative tools that can help evaluate the economic benefit of alternative fuel choices, the original Jobs and Economic Development Impacts (JEDI) model has been expanded so it can be used to assess impacts of coal and gas plants in addition to wind plants.
Introduction
Policymakers today are faced with decisions about how utilities in their region should provide electricity to their service territories. This complicated question includes choosing a resource from which the electricity will be generated. Each resource has geographic, technological, and political advantages and limitations. This research focuses on calculating the economic impacts to a state of new electricity generation from a coal, natural gas, or wind power plant. The comparison of fuel types is done on a permegawatt-hour (MWh) basis, meaning that each new plant will produce the same annual amount of electricity. Although these three resources are not the only resource options available, they are the most common in the United States today for grid-connected, utility-scale power.
The primary goal of the original JEDI model was first to provide a tool for wind developers, renewable energy advocates, government officials, decision makers, and other potential users who might not have the resources to develop their own economic development model; and second, to easily identify the local economic impacts associated with constructing and operating wind power plants. The second goal was to facilitate broad access and usage of the model by making it electronically available through NREL's Wind Powering America program. The goal of this current version, JEDI II, is to expand the usefulness of this tool by addressing additional electricity resources: coal and natural gas.
To accommodate a broad user base with varying experience, JEDI II was designed in a user-friendly format that can be easily modified. This insures the greatest flexibility for inexperienced spreadsheet users, those unfamiliar with economic impact analysis, and more experienced users who need this type of analysis. Cautions and reminders have been added to make sure users enter as much context-specific information as possible. Especially when comparing the three very different resources, it is important to gather as much local resource-specific data to enter into the model as possible (e.g., state and county property tax percentages or tax breaks for certain resources).
The new JEDI II model structure is nearly identical across technologies, and only basic information is needed to describe each power option. Each model has default values for all 50 states, but each can also be applied to smaller regions or counties with the appropriate adjustments and additional data. Because local and state economies have different characteristics, the economic impacts of a given power plant will not be the same in different parts of the United States.
Methodology
Basic (minimum) information about the new coal, natural gas, or wind plant must be entered into the model to calculate project cost as well as the number of jobs, income (e.g., wages and salary), and economic activity that will accrue to the area analyzed. This includes state, county, or region to be analyzed; the construction year; and the size of the facility. The more specific the information is to the project, the more accurate the model's output will be. To evaluate these impacts, input-output (also commonly referred to as multiplier) analysis is used.
Input-output models were originally developed to trace supply linkages in the economy. For example, they show how purchases of wind turbines not only benefit turbine manufacturers but also the fabricated metal industries and other businesses supplying materials to those manufacturers. The benefits that are ultimately generated by expenditures for power plants depend on the extent to which those expenditures are spent locally and the structure of the local economy. Consistent with the spending pattern and state-specific economic structure, different expenditures support a different level of employment, income, and output.
Direct effect: Direct effects are the on-site or immediate effects created by an expenditure. In constructing a wind plant, for example, it refers to the on-site jobs of the contractors and crews hired to construct the plant. It also includes the jobs at the turbine manufacturing plants and the jobs at the tower and blade factories.
Indirect effect: Indirect effects refer to the increase in economic activity that occurs when a contractor, vendor, or manufacturer receives payment for goods or services and in turn is able to pay others who support their business. For instance, this impact includes the banker who finances the contractor, the accountant who keeps the contractor's books, and the steel mills and electrical equipment manufacturers and other suppliers that provide necessary materials to the natural gas or other plant.
Induced effect: Indirect effects are changes in spending that are caused by, for example, the increased wealth and income of those persons directly and indirectly employed by the power plant project. This includes spending on food, clothing, or day care by those directly or indirectly employed by the project, retail services, public transit, cars, income taxes, medical services and insurance, and much more.
The sum of these three effects yields a total effect that results from a single expenditure. To accomplish this analysis, state-specific multipliers and personal expenditure patterns are used to derive the results. These state-by-state multipliers for employment, wage, and salary income and output (economic activity), and personal expenditure patterns are adapted from the IMPLAN Professional model. The changes in expenditures brought about by investments are matched with their appropriate multipliers for each sector affected by the change in expenditure.
Inputs
For each state analysis, we included as much local information as possible. As stated above, to achieve the most localized results, it is important to enter as much site-specific information as possible. Figure 1 is an example of a JEDI II input screen and identifies some of the model inputs available to more accurately describe the specific plant. If no site-specific details are provided, JEDI II will use default values. The default values are based on state data and national averages (in the case of power generation data).
Construction or capital cost
The cost per kilowatt (kW) to construct a new coal, gas, or wind plant can vary greatly across the United States. Some state utility boards require stricter or more lenient environmental standards, which will change the capital cost of the plant. For example, a new coal plant in South Dakota (Big Stone II) is priced at approximately $1900/kW, whereas a new coal plant in Colorado (Comanche III) is estimated to cost less than $1500/kW. These distinctions will make a significant difference in the economic impact during construction years.
Operations and maintenance
For natural gas and coal, operations and maintenance (O&M) costs are entered in dollars per kilowatt for fixed costs as well as in dollars per MWh for variable costs. Wind power O&M is measured only in dollars/kW. Although there is no national consensus on O&M costs, for this study we assumed the same costs in each state: $22/kW for wind, $1.90/MWh for coal variable and $20kW for coal fixed, $2.30 for natural gas variable and $10 for natural gas fixed. These O&M costs can be easily adjusted in the model.
Fuel price and fuel origin
The relatively high and volatile cost of natural gas can make the option to build a new gas plant prohibitively expensive. JEDI II does not account for the associated costs to the electricity ratepayer. However, electricity planners and decision-makers will. Therefore, even though new natural gas plants with local natural gas may contribute the largest dollar flow to the state economy, coal, wind, or another option may be chosen over gas due to its fuel price risks.
If natural gas comes from within the state, impacts from natural gas purchases will be significant due primarily to the high cost of fuel-usually topping that from wind and coal. On the other hand, if coal is from within the state, economic benefits from coal may not top those of gas or wind because coal still costs significantly less than gas. This is highly dependent on the type and price of coal, as results show.
Percentage of local labor used
If contractors building and operating the power plants are from out of state, they will often bring in construction crews from outside the state. In contrast, plants typically don't import workers into the state to perform annual maintenance activities. Most O&M labor comes from within the state, and for most power resources, the local labor percentage is very high.
Default values for JEDI II construction labor are 50% for coal and 50% for natural gas. For wind, JEDI breaks down the labor into several parts. For example, the default for supervision is 0% while the default for foundation labor is 100%. For the annual O&M impacts, default values are also broken down for specific technologies. Because these parameters are critical to the results, we recommend that model users obtain current, local information that is appropriate for the analysis.
Landowner revenue
This is a vital issue for rural economic development. Rural landowners are often in difficult economic situations, and the land lease payments they may receive from wind developers are significant. Landowners typically receive between $3,000 to $6,000 per turbine per year, depending on the size of the turbine and the contract agreement. The JEDI II model calculates its default value by using a base value of $4,000 per 1.5-MW turbine. This number can, of course, be adjusted to match specific contract agreements or state averages. One advantage to building new wind farms versus coal and gas plants is that farmers and ranchers can continue to grow crops or graze livestock, while also gaining revenue from land leases.
Property taxes
Property taxes can greatly impact the overall economic outlook of the project. States typically use one specific number with which to assess power plants. For example, a percentage of the "real property" value is taken (typically about 80% to 90% of installed plant cost). Then, states apply their assessment rate -usually around 30%. From this number, each local jurisdiction (usually the county) applies its mill levy (typically around 1%). The examples in this paper show that local mill levies make a big difference. In fact, high property taxes or mandatory payments in lieu of taxes can drive developers out of the state to a location with more favorable tax rules. In some cases, if exemptions from property taxes are given to encourage economic development (in the case of gas and coal) or cleaner technology (in the case of wind), payments in lieu of taxes are often made instead.
Discount rate
For this analysis, we did not apply a discount rate or use depreciation values. These numbers are highly variable, depending on user assumptions. Discount rates and depreciation values, along with specific funding and repayment mechanisms, can be applied to the results from JEDI II. We expect that coal plants will take 4 years to construct, gas plants 2 years to construct, and wind turbine installations 1 year to construct. In all three states, we assume that wind will be installed in various locations (i.e., not one large wind farm). Below are the results and assumptions specific to three states: Colorado, Michigan, and Virginia. Each section details the state-specific inputs and individualized JEDI II outputs.
Colorado
In Colorado, new coal plants are currently being proposed and approved, so we used current available data wherever possible. The construction cost for a coal plant is estimated to be $1450/kW, so we entered this amount into JEDI II instead of accepting the default value. For most new coal plants proposed, the coal will come from Wyoming's Powder River Basin. However, we performed a sensitivity analysis to show the impacts of coal from Colorado. We found that local coal provides a greater economic benefit to the state (Figure 3 ). Based on interviews with plant developers and power plant contractors, the percentage of in-state labor used for the construction of the project was set at 20%. This local percentage change from the JEDI II default of 50% in-state labor can make a significant difference. For the Michigan and Virginia analyses, we used the JEDI II default of 50% in-state labor because no more localized information was available. Unfortunately, this type of information is often considered proprietary, so it is difficult to obtain.
It is likely that some of the natural gas used for the new power plant will come from within the state's borders. Estimates for local natural gas (i.e., produced within the state) purchases vary greatly, from 25% to 66%. For this research, we assumed that 40% of the natural gas will be from Colorado gas wells. Gas prices have fluctuated greatly, and JEDI II users may want to use a range of prices for their projects. At the time of this report, $7/MMBtu was the current Energy Information Administration price estimate, based on current prices.
The capacity value for wind plants in Colorado is 35%. Construction of a Colorado wind plant is assumed to be $1400/kW. Both of these values were user inputs into the model. Of course, these values can be easily adjusted, as was done for Michigan and Virginia.
Property taxes in Colorado are determined by taking the value of the "real and personal" property -about 85% of the construction cost. The assessed value is 29% of the construction cost, to which the local mill levy must be applied. Taxes make a big difference in the outcome of the impact assessment, and tax inputs should therefore be as precise as possible. In Colorado, recent coal and gas plants have received property tax breaks for the first 10 years of operation. For example, in Pueblo, Colorado, the newly proposed Comanche 3 coal plant will receive a 50% reduction in property taxes for the first 10 years of operation. This comparative analysis assumes that coal and gas plants in Colorado are given this same tax break. We have no examples of tax breaks for wind in Colorado. However, below we will describe one such example in Michigan. 
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Note that the above chart shows that Colorado will receive greater economic benefit from wind over coal, even if 40% of the coal is from Colorado. This is due in part to the Rocky Mountain region's inexpensive coal with a low heat rate. Table 4 and Figure 4 show in-state economic impacts for Michigan from new power generation resources. We assumed that 25% of the natural gas would come from within Michigan's borders and that all of the coal will be brought in from out-of-state by ship and rail. Construction costs for the coal plant in Michigan is higher than in Colorado, based on current plant information. Michigan's coal plant construction cost is $1800/kW. Due to the lower capacity factor for the Michigan coal plant, it will require 300 MW to reach the equivalent energy generation of the benchmark natural gas plant.
Michigan
JEDI II results from Michigan's wind-generated electricity are based on the assumption that the wind farms will be exempt from property taxes for the first 6 years of the project. Instead, the wind farms will be required to make annual payments in lieu of taxes, amounting to $5,000 per turbine. After the sixth year, the wind farm will be expected to pay property taxes. This assumption is based on a number of possible scenarios suggested by a Michigan wind developer. The 6 years of payments in lieu of taxes have been added to the 14 years of regular Michigan taxes, which are relatively high due to the assessed rate of 50%, but also dependent on the local taxation rate or mill levy. No natural gas will come from within the state. Construction costs for the coal plant in Virginia are higher than in Colorado and lower than in Michigan, based on current available data. The Virginia coal plant construction cost is $1540/kW. Due to the capacity factor for the Michigan coal plant, it will be 276 MW to reach the equivalent generation to the 270 MW natural gas plant. The capacity factor for wind in Virginia is assumed to be 30%.
Virginia property taxes are highly variable due to local control over assessed and "stated ratios" which are similar to mill rates. The State Corporation Commission performs assessments for utilities. The property tax is determined by a valuation process, which takes the sum of the original cost of the power plant, less depreciation for non-land inventory within each municipality. To that value, the Department of Taxation applies the "local ratio" according to the Code of Virginia. 3 Then the annual Tax Rate from the locality is applied to the new assessed number. The local tax rate is determined by the locality. For this analysis we used average rates from examples provided by the State Corporation Commission. As shown in Table 1 , although the assessed value is high, the local tax rate is only approximately one-tenth of average mill rates, so the property tax liability to utilities ends up on the low end of the spectrum of average property taxes. Table 5 identifies the in-state economic impacts for Virginia from new power generation. Figure 7 shows the output information. And Figure 8 is the result of a sensitivity model run, in which only 20% of the coal comes from within Virginia's borders. 
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Figure 7. JEDI II results for Virginia
It is noteworthy that if both Colorado and Virginia supply 40% of their own coal, Virginia sees much greater reward. This is primarily due to the higher price of coal as well as the higher heat rate (>12,000 in Virginia vs. <9,000 Btu in Colorado) in the Eastern United States. In the above sensitivity analysis (Figure 8) , we ran the model with all values constant, except for the origin of fuel. We assumed, based on an interview with a professor of Integrated Science and Technology at Virginia's James Madison University, that the use of in-state coal in utility power plants will decrease in the future. Because it is uncertain exactly how much less in-state coal may be used, we assumed that 20% of the coal would still come from Virginia. The results indicate that this will be a significant change for Virginia. Compared to Figure 6 , wind power may bring higher economic benefits to the state if only 20% (or less) Virginia coal is used. Again, this emphasizes the importance of obtaining and using accurate inputs based on project location.
Results Interpretation
Regardless of the amount of project-specific data entered by the user, as long as the minimum data are entered, JEDI II will provide sufficient information to help users better understand the magnitude of the economic impacts associated with potential projects. The model provides basic project information to identify the magnitude of the constructionrelated spending and ongoing O&M expenditures, as well as a portion of local spending.
As noted above, these outputs should not be interpreted as precise values but should be used as an indication of the magnitude of the potential economic development impacts.
In addition to basic project information, JEDI II provides analysis (divided into the above direct, indirect, and induced impacts) of the local jobs, earnings and output (economic activity) generated as a result of the project. This includes the one-time impacts from construction as well as ongoing impacts from annual operations.
User Add-in Location Feature
The initial design for JEDI provided for state-level impact analysis only. After its introduction, it was apparent that many potential users might also wish to perform a similar level of analysis for a smaller or more localized region (such as an individual county or group of counties) or for a larger region (such as a group of neighboring states) to better capture the regional benefits. The high cost of including multiplier and expenditure data in the model for every county in the United States and the complexities associated with designing the model to analyze the endless number of possibilities for combining counties and states made this impractical.
To accommodate those users who desire to do this level of analysis, a User Add-in Location feature is provided in the model. This feature allows users with the capability to derive or obtain the necessary data inputs to complete analysis for a specific region of interest other than the state level included with the base model. The necessary inputs include direct, indirect, and induced multipliers for employment, earnings, and output (per million dollars change in final demand) and personal consumption expenditures (i.e., average consumer expenditures on goods and services, calculated as a percentage for each industry and totaling 100% combined), for the 14 aggregated industries analyzed in the model. More detail on the sectors contained in each industry can be found as an appendix to the model, which is made available to all JEDI and JEDI II users.
economy. Although these benefits are not included in our analysis because it is unlikely in these scenarios, JEDI II is capable of evaluating these contributions to the local economic impacts.
Conclusion
Based on our experience, the economic benefits of alternative power generation technologies can be calculated on a statewide or more local basis with appropriate adjustments to the model. The JEDI II economic development models have been developed to provide a tool for policy makers and other interested parties so that the economic benefits can be analyzed and compared. Users can also evaluate alternative assumptions regarding the potential projects. It is clear from our results that localized inputs make a significant difference in the overall economic impacts from new power plants (e.g., 40% local coal in Colorado vs. 40% local coal in Virginia). The JEDI II models are not general equilibrium models and therefore are limited in scope. They do not capture the impact of project cost on electricity rates, nor do they estimate power production costs or actual generation for the projects.
We found a range of outcomes in the few states that we analyzed and strongly suspect that nearly all states have characteristics that are unique enough that there is no one-sizefits-all economic outcome. Some of the key drivers are:
• Percent of fuel that is obtained locally/within the state • Makeup of the local/state labor force and relationship to the needs of the power technology that is under analysis • Availability of local (within the state or region being analyzed) equipment (components of the power plant) and services • State and local tax characteristics, and whether there are payments in lieu of taxes • Fuel prices • Localization of the model (providing specific data that override model default values • Share of the power plant that is owned locally.
Based on our analysis, the biggest economic impacts to a state's economy from new electricity generation are directly related to fuel purchases (in the case of natural gas and coal), property taxes, and the cost of O&M.
Decision-makers may choose to use a combination of coal, gas, or wind to fit their electricity needs.
Data Sources
Analyzing the economic impacts of constructing and operating power plants requires a large amount of project-specific data, state-specific input-output multipliers and personal expenditure patterns, and price deflators. The project-specific data include a bill of goods (costs associated with actual construction of the facility, roads, etc., as well as costs for equipment, fuel, and other services and fees required), annual operating and maintenance costs and data on the portion of expenditures spent locally, financing terms, and tax rates. More specifically, the model utilizes the following project inputs: Construction Costs (materials and labor) Equipment Costs (turbines, rotors, towers, etc.) Other Costs (utility interconnection, engineering, land easements, permitting, etc.) Fuel Costs Annual Operating and Maintenance Costs (personnel, materials, and services) Other Parameters (financial: debt and equity, taxes, and land lease).
Unfortunately, many developers consider this type of information proprietary due to competitive forces in the marketplace. Similarly, project-specific differences can and do significantly impact costs. As a result, it is near impossible to identify one-price-fits-all situations. Nevertheless, the model provides reasonable default values for each of the inputs noted above and all those necessary for the analysis. These values represent average costs and spending patterns derived from a number of sources (project-specific data contained in reports and studies) and research and analysis of renewable resources undertaken by the model developer during the past 10 years. Among other sources (including personal communications and anecdotal evidence gathered to complete previous renewable studies), the model incorporates specific project-related data from the following sources: 
